Alachlor is a herbicide that is widely used worldwide to protect plant crops against broadleaf weeds and annual grasses. However, due to its endocrine-disrupting activity, its application has been banned in the European Union. As described in our earlier work, Paecilomyces marquandii is a microscopic fungus capable of alachlor removal by N-acetyl oxidation. Our current work employs proteomics and metabolomics to gain a better understanding of alachlor biodegradation by the microscopic fungus P. marquandii. The data revealed that the addition of alachlor reduced culture growth and glucose consumption rate. At the same time, the rates of glycolysis and the tricarboxylic acid (TCA) cycle increased during the initial stage of growth, and there was a shift toward the formation of supplementary materials (UDP-glucose/galactose) and reactive oxygen species (ROS) scavengers (ascorbate). Proteomic analysis revealed that the xenobiotic presence resulted in a strong upregulation of enzymes related to energy, sugar metabolism and ROS production. However, the unique overexpression of cyanide hydratase in alachlor-containing cultures may implicate this enzyme as the key protein involved in the alachlor biodegradation pathway. The characterization of P. marquandii-mediated alachlor removal in terms of cell structure and function resulted in a deeper insight into microorganism strategy toward xenobiotic biodegradation.
Introduction
Alachlor is a pre-emergent chloroacetanilide herbicide that is widely used in world agriculture to protect plant crops (mainly corn) against broadleaf weeds and annual grasses. It is a selective systemic pesticide that interrupts both protein production and the synthesis of long-chain fatty acids in target plants [1, 2] . Due to documented endocrine-disrupting activity, alachlor application has banned in the European Union. The risk to animal and human health is amplified by the high water solubility of alachlor (242 mg/L) and the resultant increased environmental mobility. Alachlor and its metabolites have been detected in soil, water and various biological samples [3] . Some of these intermediates are toxic or mutagenic e.g., 2,6-diethylaniline (DEA) [4, 5] . Microbial degradation, or rather transformation, plays a pivotal role in the rate of alachlor elimination from the environment [6] [7] [8] . There are many studies concerning the both the characterization of selected microbial consortium or microorganisms in pure culture capable of degrading alachlor and the identification of byproducts, but little is known about the molecular mechanisms of conversions. Proteomics and metabolomics are modern and convenient tools, which have been successfully applied to gain a better understanding of the biodegradation mechanisms in different types of organisms e.g., bacterial biodegradation of insecticide N-methylcarbamate by Burkholderia sp. C3 [9] or phenanthrene by Sinorhizobium sp. C4 [10] ; fungal degradation of nonylphenol by Metarhizium robertsii [11] ; Mucor plumbeus response to pentachlorophenol [12] ; or benzoic acid removal by Phanerochaete chrysosporium [13] . Proteomic analysis has also been successfully applied to explore the plant phytoremediation mechanism of pyrene by Scirpus triqueter [14] or in the study of algae Anabaena sp. adaptations under butachlor pesticide action [15] . In our earlier work, N-acetyl oxidation was documented as the primary route of alachlor transformation by the microscopic filamentous fungus P. marquandii IM 6003. The possible metabolic pathway was also formulated [16] . In the present study, we elucidated the proteomic background of alachlor biodegradation as well as the changes in the primary sugar metabolism of fungus exposed to herbicide. To our knowledge, this is the first study on alachlor that employs microbial proteome expression in conjunction with multi-compound sugar metabolism research.
Materials and methods

Microorganism and culture conditions
Paecilomyces marquandii (S. Hughes, 1951), basionym: Verticillium marquandii (Massee, 1898), an alachlor-degrading filamentous fungus [16] from the collection of the Department of Industrial Microbiology and Biotechnology, University of Lodz (identification number: IM 6003) was examined in this work. This strain was selected from post-flotation dumps of non-ferrous metal works (Silesia, Poland) that were strongly polluted with heavy metals [17] . Applied culture conditions were the same as described previously [16] .
Chemicals
Ethyl acetate and the ethanol needed for sample extractions and the high purity solvents used during sample preparation for LC-MS/MS analysis were purchased from Avantor (Poland). Alachlor, PESTANAL®, analytical standard (99.2%) and glucose standard were purchased from Sigma-Aldrich (Germany). All other chemicals and ingredients used in LC-MS/MS analysis, protein sample preparation and MALDI-TOF/TOF analysis were of high purity grade and obtained from Sigma-Aldrich (Germany), Serva (Germany), GEHealthcare (Germany), Avantor (Poland), Promega (USA) or AB Sciex (USA).
Alachlor sample preparation
Following separation by filtration on Whatman 1 (Sigma, Germany), the mycelium was homogenized and extracted with ethyl acetate according to the procedures described previously [16] .
Glucose metabolism sample preparation
Sample preparation was modified from a procedure developed by Wei et al. [18] . The filtration-separated mycelium was washed with water and weighed. The mycelium was then divided into 3 portions of 100 mg each and placed into 2-ml Eppendorf tubes containing 1 ml of cold water. Sections were then homogenized with a glass matrix (diameter 1 mm, 4 C) on FastPrep24 (MP Biomedicals, USA) three times for 30 s, with a velocity of 4 m s -1 and a 2 min brake for sample cooling on ice. The samples were then centrifuged at 4000 g, 4 C for 10 min. 100 µl of supernatant was transferred to separate 1.5-ml Eppendorf tubes containing 900 µl of 0.1% formic acid in ethanol and vortexed for 2-3 min. The samples were then incubated for 2 h, -20 C and centrifuged at 14000 g, 4 C for 20 min. The supernatant was transferred to a new 1.5-ml Eppendorf tube, evaporated until dry at 30 C under a vacuum and stored at -20 C for future analysis. Frozen samples were thawed at 4 C for 30 min followed by 15 min at room temperature, resuspension in 1 ml of water:acetonitrile (ACN) 98:2 (v/v), sonication and vortexing for 2 min and incubation for 60 min in 4 C. Finally, the samples were transferred to a 96-well plate for LC-MS/MS analysis.
LC-MS/MS qualitative and quantitative trend analysis and screening
The qualitative and quantitative LC-MS/MS analysis of alachlor biodegradation and glucose concentration was conducted with Agilent 1200 HPLC, coupled with AB Sciex 3200 QTRAP mass spectrometer according to methods developed previously [16, 19] . A trend analysis of the alachlor metabolites was performed on the basis of precursor ion 162.1 m/z-extracted ion chromatograms, covering a scan range of 160 to 320 m/z [16] . The LC-MS/MS screening method applied for the glucose metabolism investigation was based on a multi-method developed by Wei et al. [18] . An AB Sciex 4500 QTRAP mass spectrometer (AB Sciex, USA), coupled with an Eksigent microLC 200 System (Eksigent, USA) were employed for analysis. Chromatography separation was conducted on an Eksigent C18-AQ (0.5 mm x 150 mm x 3 µm, 120 Å) column: temperature 35 C, injection volume 5 µl on the column. The eluent consisted of 2 mM of ammonium formate and 0.1% of formic acid in water (A) and ACN (B). The gradient used had a constant flow of 50 µl min -1 with 0.5 min of preflush conditioning, followed by 0.1 min in which98% of eluent A was used and then a decrease to 2% of eluent A for minutes 2.5-3.4. Initial conditions were restored from 3.5-4.0 min. The MS/MS detection was made in negative and positive ionization in multiple reactionmonitoring (MRM) mode. The optimized microESI ions source parameters were as follows: CUR: 25; IS: -4500 V; TEMP: 300 C; GS1: 30; GS2:30 and ihe:ON. Compound-dependent MRM parameters are presented in table S-1.
PCA analysis
Principle Component Analysis (PCA) was prepared with the MarkerView™ software (AB Sciex, USA) on MRM data (chromatography peak areas) from microLC-MS/MS analysis, with retention time locking in. After data set normalization against maximum and minimum values within the data set, the Pareto algorithm was applied for PCA calculation. Excel 2007 (Microsoft Corporation, USA) was used to report PCA loadings in the form of a heat map.
Protein extraction
Proteins from the mycelium were extracted with the use of mechanical homogenization on FastPrep24 (MP Biomedicals, USA) with glass beads (1-mm diameter), followed by TCA precipitation as described previously [11] .
2-D electrophoresis
Total protein content was measured using the Bradford method, with BSA (Sigma, Germany) as the protein standard. 2-D electrophoresis was conducted according to the procedure described previously [11] with modifications. Mycelial protein samples (500 µg) were loaded in 13 cm nonlinear IPG strips, pH 3-11 (GE Healthcare, Germany). Isoelectric focusing (IEF) was performed as follows: 60 V for 1 h, 120 V for 30 min, 150, 300 and 600 V (each for 1 h), 1500 V for 20 h, 1800, 2100, 2400 and 2700 V (each for 30 min), 3000 V for 44 h, 3300, 3600, 3900, 4100, 4400, 4700 and finally 5000 V (each for 1 h). The second dimension was performed using a 12% running gel with a stacking gel on the top. The separation was run at 100 V for the stacking gel and 220 V for the running gel (Hoefer, USA). A molecular mass standard covering the range of 6.5-200 kDa (Sigma, Germany) was used. Gels were stained with Coomassie blue. Comparative and statistical analysis of the gel triplicates was performed using Image Master 2D Platinum 7 software (GE Healthcare, Germany) and included automatic alignment of the gels, spot detection and measurement, background subtraction and subsequent normalization. After manual correction of mismatches within the data, spots with a p-value < 0.05 (and volume > 0.5) were considered to be significant.
Protein digestion
Protein digestion with trypsin was performed according to the procedure described previously [11] .
MALDI-TOF/TOF analysis
AB Sciex 5800 TOF/TOF system (AB Sciex, USA) was used for data acquisition. Samples were placed on the MALDI plate twice, to cover the selection of the 25 strongest precursors for MS/MS analysis. The TOF MS analysis was conducted in the mass range of 800-4000 Da, 2400 V/400Hz laser relative energy, 2000 shots per sample and with the precursor selection order set from strongest to weakest. The instrument was externally calibrated in TOF MS mode with a peptide mixture (AB Sciex, USA) covering the tested mass range. The TOF/TOF MS/MS analysis was conducted in the mass range from 10-4000 Da, 3300 V/400Hz relative laser power, CID gas (air) at a pressure of ca 5x10 -7 and up to 4000 shots per precursor with a dynamic exit. The precursor selection was set from the weakest to strongest in this mode. The external calibration of MS/MS mode with the fragments of Glu-fibrinopeptide (AB Sciex, USA) (1570.677 m/z) was applied.
Protein homology identification and functional alignment
Protein Pilot v4.5 software (AB Sciex, USA),coupled with Mascot search engine v2.4 [20] was used for initial database searches. The data were searched against the NCBI non-redundant database (version 05.2014; total number of sequences 38 633 935),with the taxonomy filtering the set to fungi (total number of fungi sequences 4 679 025). Mascot MS/MS ion searches were performed with trypsin chosen as the protein digesting enzyme, up to two missed cleavages were tolerated and the following variable modifications were applied: Acetyl (N-term), Carbamidomethyl (C), Deamidated (NQ), Gln to pyro-Glu (N-term Q), Glu to pyro-Glu (N-term E), Oxidation (M). Searches were conducted with a peptide mass tolerance of 50 ppm and a fragment ion mass tolerance of 0.3 Da. Proteins identified and unidentified by MASCOT searches were further processed using a BLAST [21, 22] 
Results and discussion
As was shown previously [16] , the tested strain is capable of efficient alachlor removal at the concentration of 50 mg L -1 . The degradation pathway included 10 metabolites formed by dechlorination and oxidation reactions of 2-chloro-N-(methoxymethyl)acetamide substituent. In the current work, we did not find any new metabolites using the applied LC-MS/MS method, and we therefore focused on the repeatability of alachlor removal as well as the repeatability of the trend analysis of alachlor derivatives. Analysis of replicates indicated that, in the case of alachlor removal, the standard deviation (SD) ranged from 2%-11%, while the trend analysis SDs were in the range of 6%-22%. The results demonstrated that the biodegradation course is reproducible in applied culture conditions, and the biodegradation curves are very similar to the ones published previously [16] . According to the data obtained from separate homogenized mycelium and culture medium extractions, removal of the xenobiotic takes place inside the cells of the tested strain. Alachlor removal and metabolite formation curves were used to determine the best time periods for intracellular proteome expression studies. Alachlor removal starts immediately; after the first 72 h, only 32% of alachlor is still present in the culture. After 168 h, 95% of the substrate is removed (Fig 1) . On the other hand, the majority of the tested metabolites reached their relative concentration maximum after 120 h (Fig. 2) . The data suggested that the 120 h cultures are best suited for comparative proteomic studies.
Glucose cometabolism
Metabolomics is a new system biology tool that has been employed in various scientific applications including medicinal chemistry, plant physiology and microbiology. However, the metabolomics of biodegradation is a completely new approach in this field. It comprehensively analyzes low molecular weight metabolites, including intermediates, and may include numerous primary and secondary metabolites [23] . Generating growth curves is essential for the metabolomic research of microbial cultures. The dry weight curves (Fig. 3) revealed that intensive growth in control cultures lasted until 96 h, whereas in alachlor-containing cultures, this phase ends after 120 h. Maximum growth is reached in both cultures after 144 h of culturing. However, the growth of alachlor-containing cultures is inhibited and reached 9.75 g L -1 in comparison to control cultures, where 11.51 g L -1 of dry weight was measured. Glucose uptake reflects the growth potential of a strain under the tested conditions. A rapid decrease in concentration was observed in the cultures during the first 72 h of the experiment, but, as is demonstrated in Fig. 4 , substrate depletion occurs more rapidly in the control cultures, where after 72 h, 7.33% of the glucose remained while in the alachlor-containing cultures, 20% of the glucose was detected. After 168 h in culture, glucose was completely absent from the control cultures, which was in contrast with xenobiotic-supplemented cultures, which still contained 5.15% of the substrate. Abbreviations means:
Further insight into carbon source usage in the presence of the xenobiotic, was achieved by focusing on sugar metabolism. Therefore, this research primarily focused on glucose (glycolysis, TCA cycle) or glucose metabolism-related compounds, and it included 32 compounds analyzed in MRM mode on a microLC-MS/MS instrument. The applied LC-MS/MS method and sample preparation procedure was developed on the basis of a multi-method developed by Wei et al. [18] and modified for use with mycelia material extraction and analysis. The LC-MS/MS data from the control (c) and alachlor-containing (ala) cultures were subjected to principal component analysis (PCA) [24] with the use MarkerView software (AB Sciex, USA). The major differences occurred during the first 24 h of culture, as is presented in Fig.5 , where samples 0 h and ala 24 are located on the PCA chart at the longest distances between both each other and the rest of the samples. The location of the samples on the chart is most affected by the high amounts of methylmalonate/succinate and UDP-glucose (samples ala 24), malate and aconitate (samples 0 h) and citrate (the rest of the samples) (Fig.5 ). Notable variation is also observed within the other samples, and sample groups c 24, ala 72, ala 120 & ala 168 and c 120 & c 168 tend to formulate clusters in different locations as compared to each other. To examine all data, PCA loadings for each analyte (peak areas) were averaged and recalculated to percentage values (100% is the highest loading for the analyte). The data are presented in Table 1 , where the heat map and the simple chart scoring were applied to facilitate data evaluation. The data revealed a significant increase in the relative concentrations reaching the maximum or a high level of the selected compounds after 24 h of culturing in alachlor-containing cultures, especially hexose monoand diphosphates, glycerol/glycerate group and end products of the TCA cycle (succinate, fumarate, malate, oxaloacetate). Similar behavior was observed for Acetyl-CoA. However, the citrate concentration was lower after 24 h in alachlor-containing cultures in comparison to control samples. On the other hand, citrate concentrations in both cultures were similar in all other tested time points. The maximum relative concentration in ala 24 samples was also observed for UDP-glucose/galactose, which is significant because in all other samples, the relative concentration was lower by 70-90%.
Interestingly, ascorbate and 3-phosphoglycerate concentrations significantly increased in ala 24, ala 72 and ala 120 samples in comparison to the other samples. Metabolomic analyses of the white-rot fungus P. chrysosporium exposed to benzoic acid (BA) included various compounds such as glycolysis intermediates, TCA cycle intermediates, amino acids and lipids [13] determined by the untargeted GC-MS method. It was found that to effectively metabolize BA, fungal regulation of the TCA cycle and mannitol cycles as well as the regulation and utilization of trehalose as a storage sugar were observed. In the case of TCA cycle metabolites, the majority of the compound concentrations decreased in the presence of BA. Similarly, the few glycolysis intermediates (ex. glucose, glucose-6-phosphate, glycerol-3-phosphate) also decreased in concentration or stayed at the same level, contrary to the results obtained in this work. A comprehensive metabolomic study on bacterium Sinorhizobium sp. C4 during the degradation of phenanthrene [10] also included numerous compounds measured using the untargeted GC-MS method. Among the other compounds, the differential study also included organic acids, glycolysis and TCA cycle metabolites. In general, a higher accumulation of some intermediates from glycolysis (e.g., 2-phosphoglycerate), the TCA cycle (e.g., oxalate) and others (2-hydroxyglutarate, malonate and 3-hydroxyisovalerate) were found in the phenanthrene-supplemented culture, with a parallel reduction in the level of other metabolites in the same pathway (e.g., 3-phosphoglycerate, malate and α-ketoglutarate). In summary, the addition of alachlor drives the source of carbon metabolism towards higher and more efficient consumption during the initial stage of growth (increased glycolysis and TCA cycle rate), but it also changed the glucose utilization to form polysaccharides, supplementary materials, lipopolysaccharides and glycosphingolipids (UDP-glucose/galactose) and ascorbate, which is known to act as a powerful reducing agent, capable of rapidly scavenging a number of reactive oxygen species that may be formed in this case during alachlor biodegradation. The more efficient consumption of glucose, accompanied by the slowdown of growth curves, may be a result of the high-stress conditions in alachlor-containing cultures. However the toxic influence of the xenobiotic may directly affect glucose consumption, growth and the concentration of other compounds involved in intracellular metabolism.
Proteomic studies
Despite the prevalence of these organisms in the various fields of biotechnology, industry, environmental protection and medicine [11, 13, [25] [26] [27] [28] , proteomic studies of filamentous fungi are a new trend in the research. To our knowledge, the proteomics (especially intracellular proteomics) of the fungal biodegradation is represented by a very small number of research papers. This paucity of proteomic studies is likely due to the challenge of protein extraction, as this group of microorganisms secrete proteases, display polarized growth, have heavily clustered microtubules organelles and generally possess thick, compact cell walls [29] . The method of protein extraction we developed for M. robertsii [11] has been successfully applied to our current work for the extraction of intracellular proteins from P. marquandii. Our data revealed that at 120 h, the cultures are best suited for the comparative proteomics of alachlor biodegradation by P. marquandii. Extraction of the intracellular proteome was followed by 2-D electrophoresis separation, revealing the presence of 247 and 265 protein spots in control and alachlor containing samples, respectively (Fig. 6) . The gel analysis conducted with ImageMaster 2D Platinum software resulted in the matching of 93 spots and allowed for a comparison of relative expression between the samples on the basis of the percentage of the spot volume quantitation done after total volume normalization within the gels. In the case of unmatched spots, the relative volume of 0.5% or higher was used as a criterion for the spots excised. Within the matched spots, the fold change analysis was performed, and spots that were characterized by a 2-fold or higher change in up-or down regulation were subjected to spots excision. The applied criteria resulted in the selection of 58 proteins from control cultures and 42 proteins from alachlorcontaining cultures for trypsin digestion, followed by MALDI-TOF/TOF sequencing. The proteomic background of gossypol (a derivative of naphthalene) biodegradation by Aspergillus niger AN-1 was investigated by Yang et al. [30] with glucose or gossypol acting as a sole source of carbon in cultures. 478 spots were detected on the glucose gel, whereas 592 spots were detected on the gossypol gel. An average of 293 protein spots were matched on both gels. Through 2-DE analysis, 51 protein spots, which may be related to the biodegradation of gossypol, were differentially expressed between the two carbon sources. A total of 20 spots of interest were identified using MALDI-TOF MS, where 4 proteins were related to energy metabolism, while 14 proteins were identified as either unnamed or hypothetical proteins from A. niger. Whole proteome analysis of PCP biodegradation by M. plumbeus revealed the presence of over 700 protein spots in control and PCP-treated cultures [12] . On the basis of the proteins identified, it was demonstrated that exposure to PCP leads to upregulation of several proteins involved in defense mechanisms against stress (e.g., HSP70, cytochrome c peroxidase and thiamine biosynthetic enzymes). However, as the authors stated, none of the mycelial or extracellular proteins found were involved in the PCP biodegradation pathway. This is with the exception of the ADH mycelial protein, which is thought to play an important role in the last steps of PCP degradation. The key step of the biodegradation of 4-n-nonylphenol (4-n-NP) by M. robertsii [11] took place after 24 h of culturing. 2-DE analysis showed the expression of 205 and 208 protein spots in the control and 4-n-NP supplemented cultures, respectively. 88 spots matched in both gels and were differentially expressed in the cultures. However, the differences were not significant (below 1-fold). The main differences included 14 protein spots present only in control samples and 19 protein spots present only in xenobiotic containing cultures. The identification of selected proteins based on the MALDI-TOF/TOF sequencing of tryptic digests helped explain the proteomic background of 4-n-NP removal, which involved oxidation-reduction systems, ROS defense systems, the TCA cycle and energy-related systems. The proteins identified in P. marquandii cultures are presented in the Table 2 and 3, and the full set of the database searches are shown in the tables S-2 and S-3. The homology (Mascot searches) and functional alignments (BLAST searches with the delta-blast algorithm) within the 100 tested protein spots allowed for the identification and/or functional assignment of 28 protein spots, although the tested strain is not sequenced. These included 7 out of 58 selected protein spots in control cultures and 21 out of 42 selected protein spots in the alachlor-containing cultures. In both cultures, the dominant matched spots 321 and 323 have more than one hit in the database including stress protein DDR48 (control culture), N-acetylmuramoyl-L-alanine (ala culture), amidase transcription termination factor Rho and mold-specific protein (both cultures).The possibility cannot be excluded that within a spot of that size more than one protein is located, but regarding further database hits (data not shown) the structural mold-specific protein is the major component of the spot. Both cultures are characterized by the presence of energy-related (ATP synthase) and sugars metabolism enzymes (kinases, transaldolases, reductases, dehydrogenases, mutases and isomerases). However in the alachlor-containing cultures, significantly increased expression of this group of proteins, resulting in 11 enzymes identified in comparison to control samples where only 4 enzymes from this group were found. This result is in agreement with the glucose metabolism data wherein the alachlorcontaining cultures exhibit slower growth and glucose uptake, leading to the differences in the metabolic pathways courses. The upregulation of the energy-related and sugars metabolism proteins during xenobiotics biodegradation seems to be a common effect of its presence in the culture [11, 30] . The upregulation of reactive oxygen species (ROS) enzymes represented by the manganese superoxide dismutase and catalase was observed in alachlorcontaining cultures. The production of ascorbate as well as results from our proteomic studies support the fact that during alachlor biodegradation, ROS are generated and both classes of compounds may act as a self-defense mechanism during xenobiotic removal. Similar upregulation of ROS enzymes was observed in cultures of M. robertsii exposed to 4-n-NP [11] . On the other hand, the ROS enzymes' oxidoreductase activity towards alachlor itself cannot be excluded as the enzymes expression may take place under other physiological and non-physiological conditions [31] . In addition, the typical stress response protein -heat shock 70 kDa protein, was upregulated only in alachlor-containing cultures as in the cultures of M. plumbeus exposed to pentachlorophenol (PCP) [12] . An interesting result was obtained from alachlor-containing culture spot 268, identified as cyanide hydratase -a nitrilase (class 1 nitrilase or nitrile aminohydrolase), which is capable of hydrolyze nitriles (RCN) to ammonia and the corresponding carboxylic acid. Most nitrilases prefer aromatic nitriles, some prefer aryl acetonitriles and other aliphatic nitriles. The mechanism of alachlor biodegradation was explained in our previous work [16] , illustrating that the pathway includes changes in the aliphatic substituent of alachlor, leading to the dechlorination and the formation of different oxidized forms (ex. carboxylic acids, ketones or alcohols) of both chains situated next to the C-N bond of 1-(2,6-diethylphenyl)methanamine substituent. Given the overexpression of this enzyme in cultures upon xenobiotic addition, it is likely that it is a key protein involved in the P. marquandii-mediated biodegradation process of alachlor.
Conclusion
The living cell is a huge biochemical manufacturer -our research focused on a specific process, but more detailed information on multilevel metabolic adaptations may provide a better understanding of any environmentally relevant organism, allowing us to enhance or modify a given process for specific purposes. To our knowledge, this is the first study combining proteomics and primary metabolomics to assess alachlor biodegradation by a fungal strain.
Our data indicate that the addition of alachlor reduced culture growth and glucose consumption rate. However, the carbon source metabolism increased (glycolysis and TCA cycle) during the initial stage of growth, and a shift towards the formation of supplementary materials (UDP-glucose/galactose) and ascorbate (powerful ROS scavenger) was observed. The proteomics of the process tested revealed that, in the presence of a strong xenobiotic, sugars, as well as energy, metabolism and ROS enzymes are upregulated. Additionally, the unique overexpression of cyanide hydratase in alachlor-containing cultures, which hydrolyze nitriles to ammonia and the corresponding carboxylic acid, may indicate that this enzyme is the most important in the process examined. The characterization of alachlor removal by P. marquandii, including xenobiotic pathway research [16] and trend analysis, basic physiological measurements, combined with primary metabolite profiling and proteomics, resulted in deeper insight into a microorganism's approach towards xenobiotic biodegradation on various levels of cell structure and functionality.
Mechanism study of alachlor biodegradation by Paecilomyces marquandii with proteomic and metabolomic methods. Table S-2. Full set of Mascot and BLAST protein id search results after 120h of the P. marquandii control culture. Mascot algorithm matchingprotein scores greater than 73 are significant (p < 0.05). Delta-BLAST algorithm -the lower the E-value (closer to zero), the more significant is the match. Green -identified (high score and/or high sequence coverage), yellow -functionally assigned by delta-BLAST (with low Mascot score), white -unidentified (very low Mascot score). 
